Purpose: Few studies have examined methods to promote communication following the return of DNA mismatch repair genetic test results obtained during research. The purpose of the present study was to evaluate a telephone protocol for returning research results of DNA mismatch repair gene testing to identify Lynch syndrome.
INTRODUCTION
Individuals who carry a germline mutation in a DNA mismatch repair (MMR) gene (hMSH2, hMLH1, hMSH6, or hPMS) are at significantly increased risk for a number of cancers, often at young ages, specifically colorectal cancer (CRC), endometrial cancer, stomach cancer, ovarian cancer, small bowel cancer, urothelial cancers, and hepatobiliary tract cancer. 1 This autosomal-dominant cancer predisposition is termed Lynch syndrome. 1 Knowledge of MMR gene status can inform clinical decision making regarding screening and/or prophylactic surgery. For people who carry the MMR gene mutation, routine screening with colonoscopy appears to decrease CRC-related mortality by ~65%. 2 For people in families with a known MMR mutation who test negative for the family mutation, screening practices are the same as recommendations for individuals at average risk.
Research on the return of genetic test results to research participants has described approaches to disclosure and the costs involved, 3, 4 as well as the subsequent ethical, legal, and social implications. 5 Although research participants are typically interested in receiving genetic results, [6] [7] [8] key issues identified in the literature include: (i) clinical utility of the information, (ii) mode of information delivery, (iii) development of educational materials, (iv) decisions about retesting samples within a CLIA-certified laboratory, and (v) facilitation of communication to family and providers. Facilitating communication among families and their health-care providers is especially important when the genetic results are not disclosed by a health-care provider, and the research team is not involved in postdisclosure clinical or communication decisions. 3, 9 Although prior research has explored different modes of delivery for the disclosure of genetic test results and subsequent psychosocial support for clinical populations, 10, 11 to our knowledge, no studies have yet examined the impact of an educational intervention to promote research participant communication following the return of MMR genetic test results. Likewise, few studies have explored telephonebased disclosure procedures for clinically relevant genetic test results obtained during research rather than clinical testing. Evaluating intervention approaches to disclosing test
Original research article results is particularly timely with the increasing identification of genetic and genomic risk markers, including clinically relevant results obtained through next-generation sequencing methods within the context of research studies.
We aimed to evaluate a telephone counseling protocol for returning MMR genetic test research results to participants at the Mayo Clinic site of the Colon Cancer Family Registry (CFR). 12, 13 Guided by principles from a shared decision-making framework, 14 we examined psychological, communication, and behavioral outcomes following an offer to learn MMR results. We were particularly interested in participants' communication with their family members and health-care providers. 15, 16 We qualitatively explored the experiences of the professionals involved in the delivery of research results to Colon CFR participants.
MATeRIALs AND MeTHODs
Using a prospective single-group pre-post study design, we evaluated psychosocial, communication, and behavioral variables before and 6 months following telephone disclosure of MMR results to Colon CFR participants (Figure 1 ).
study population
The study was conducted with Mayo Clinic Colon CFR participants. Briefly, Mayo is one of the six international Colon CFR centers that facilitate population-and clinic-based interdisciplinary research on the genetic and molecular epidemiology of CRC and its behavioral implications. 1, 13 The Colon CFR has information and biospecimens on 41,000 individuals (14,500 families). To date, the Mayo site has enrolled 4,800 individuals among 1,250 families. 12, 17 Upon enrollment in the Colon CFR study, all participants signed an informed consent document that stated they would be given the option to learn of clinically meaningful results if such results were found. Individuals eligible for the present study included 373 men and women who were from families with an identified mutation in an MMR gene (hMSH2, hMLH1, hMSH6, and hPMS2).
Procedures
Procedures were approved by the Mayo Clinic institutional review board. Study invitation letters were sent from the Mayo Colon CFR principal investigator (N.M.L.). Participants were informed that their blood had been tested for an MMR gene Original research article mutation and that potentially clinically meaningful results were available. The letter did not indicate whether results were positive or negative. This letter briefly explained Lynch syndrome, MMR gene testing, the pros and cons of learning genetic test results, and the required two-step process for learning results (described below). The letter also explained the current study, although study involvement was not required to receive genetic test results. Letters were mailed simultaneously to all probands (first person in the family to be tested) and relatives who also had been tested for a family mutation. We resent letters two times if we did not receive a response. Colon CFR participants interested in proceeding with result disclosure were scheduled for a telephone education session with a certified genetic counselor or medical geneticist. Individuals who expressed interest in the current study were mailed the baseline survey, informed consent documents, and a postage-paid return envelope. Individuals who did not return the baseline survey within 4 weeks received up to two reminder telephone calls. Study participants completed and returned the baseline survey and consent documents prior to learning their genetic test results.
Telephone disclosure process
The first telephone call with the certified genetic counselor or medical geneticist was a predisclosure education session to review the information participants could learn, including positive or negative MMR mutation carrier status, the impact of the test result on cancer risk/risk management, and the implications for family members. Variants of uncertain significance were not communicated as the informed consent document indicated that only results of medical significance would be reported back. Clinical management is not impacted by the discovery of variants of uncertain significance. 18 Participants were counseled that if they received a negative test result, it could not be fully interpreted unless there was a known mutation carrier in the family. They were also informed that the study team could not indicate whether there was a known positive result in their family. Rather, confirmation of a known mutation in the family would need to come from family members. Participants were also advised in advance that any result disclosed would need to be confirmed in a clinical laboratory. If participants elected to learn their research results, they were scheduled for a second disclosure telephone call with the same genetic counselor/medical geneticist. To encourage and allow time for intrafamilial communication of information, the research team attempted to schedule the disclosure telephone calls with individuals with positive mutations before the calls to relatives without mutations.
On the second call, the genetics professional disclosed the MMR genetic test result (specifying the exact mutation) and discussed implications for the participant and family members, along with specific recommendations regarding medical risk management. Participants were mailed a letter detailing their MMR genetic test result and risk management recommendations. They also received a separate letter they could share with a health-care provider that reviewed published screening guidelines, how to find a genetic counselor or how to order a confirmatory test in a clinical laboratory. Six months after disclosure, participants were mailed the follow-up survey. We also administered a semistructured questionnaire to the two genetics professionals involved with the result disclosure process to aid in the interpretation of the survey findings.
Measures
Participant demographics and clinical variables. We used Colon CFR data on participants' age, sex, education, marital status, race and ethnicity, personal/family history of cancer, and the MMR gene test results.
Psychological measures
Perceived CRC risk was assessed at baseline and follow-up using two validated items. 19 First, we asked "How likely do you think it is that you will get CRC?" with responses made on a 4-point Likert scale. We then asked participants to compare their lifetime risk of CRC to others of the same age, sex, and race with responses on a 5-point Likert scale. 19 For individuals with a prior CRC diagnosis, items reflected perceived risk of being diagnosed with CRC again.
CRC worry was assessed at baseline and follow-up using two items from prior research related to the frequency of thoughts about getting CRC and the impact of those thoughts on mood. 20 Participants responded on a 4-point Likert scale.
Hereditary CRC knowledge was assessed at baseline and follow-up via a 12-item measure 21 consistent with a similarly validated scale in the literature. 22 A sample item was, "People who carry the gene for hereditary CRC will definitely develop cancer at some time in their lives. " Response options were true, false, or not sure.
Decision making about learning research results was assessed at baseline with 10 items to capture participants' preparation for decision making around receipt of MMR results. 23 Constructs included: decisional needs, decision quality, and decision support. Responses were scored on a 5-point Likert scale.
Motivation for receiving results was assessed at baseline via a 9-point checklist of face-valid items about motivation for receiving a result using a 5-point Likert scale ranging from "not at all important" to "very important. " Sample motivation items included: having risk management information for children, family members, or insurance purposes.
Self-efficacy for communicating and coping with test results was assessed at baseline with three items about confidence in communicating with both immediate and extended family members and confidence in clearly explaining the meaning of the test result. Likewise, we used one item to assess participants' confidence in their ability to meet with their regular healthcare provider to discuss the result. Responses were made on a 4-point Likert scale ranging. We also used a visual analog scale (from 0 to 100%) to assess participants' confidence in their ability to cope if they were to learn that they carried a gene that put them at risk for CRC.
Well-being was assessed at baseline and follow-up by asking participants to indicate their overall well-being on a scale from 1 ("not very well at all") to 10 ("extremely well"). 24 Satisfaction with disclosure process was assessed at the 6-month follow-up as satisfaction with the (i) care received from their regular health-care provider (two items) and (ii) telephone counseling process (eight items). At follow-up, we also measured decisional regret related to the participant's choice of whether or not to learn about their genetic test result (five items). 25 For all satisfaction items, we used a 5-point Likert scale.
Communication measures
Result communication. At baseline, we assessed participants' intentions to tell their family or physician their MMR test results. At 6 months, we assessed whether participants had communicated results to a list of immediate and extended family and close friends. We also assessed topics discussed, including whether participants talked about how the results affect their own risk, risk to other family members and children, or the impact on insurance. For communication with health-care providers, we assessed whether participants discussed how their test results would change cancer-screening recommendations.
Family communication about cancer was assessed at baseline with six items from a validated instrument to capture participants' perceptions of how their family communicates about cancer.
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Behavioral measures
Health behaviors. At the 6-month follow-up, we assessed whether participants had engaged in the following health behaviors: making an appointment to discuss screening with a health-care provider, making an appointment for cancer screening, having CRC or other cancer screening since learning the genetic test result, and an open-ended question about other life changes due to learning the test result.
Analyses
We characterized the sociodemographic characteristics of the sample by calculating means, SDs, and frequencies of study variables. We used Pearson and Spearman correlations, t-tests, and χ 2 -tests to examine relationships between the variables in bivariate analyses. Variables associated with the psychosocial (communication, well-being, and satisfaction) and health behavior (cancer screening) outcomes at the bivariate level of α < 0.05 were included in multivariate analyses. The independent impact of genetic test results, demographic and clinical characteristics, and the selected psychosocial and health behavior predictor variables were evaluated using generalized estimating equations to control for intrafamilial correlations.
Finally, we explored the experiences of the genetics professionals who disclosed results to the participants by analyzing written responses to the open-ended, structured questions. 27 Items assessed impressions of the disclosure process, protocol logistics (e.g., scheduling disclosure sessions with family members), and participants' responses to being encouraged to communicate results to family members and health-care providers.
ResULTs sample characteristics
Of 373 invitation letters sent to eligible Mayo Clinic Colon CFR participants, we received responses from 329 individuals (from 68 families; 88%); 44 either did not receive the mailing or failed to respond after repeated mailing attempts. Of the 329, 59 (18%) declined participation because they already knew their results from clinical testing, and 40 (15%) of the remaining 270 individuals declined because they were not interested in receiving results. A total of 221 individuals (67.2% of total invitees; 82% of the respondents) indicated that they wanted to learn their MMR gene test result, of whom 38 (17%) wanted to confirm test results that they had already obtained through clinical testing (Figure 1) . Of the 174 participants who expressed interest in participating in the present study, 107 completed the baseline survey, and 85 completed the 6-month follow-up survey. Participants had a mean age of 61.2 years (SD: 14.9 years; range: 28-98 years), and nearly one-third (30%) had a previous diagnosis of CRC. Of the 107 participants who completed the baseline survey, 84 (79%) opted to learn their genetic test result. Participants who declined to learn their genetic test results were younger (M = 52 years; SD: 14.6 years) than participants who chose to receive their test results (M = 63.3 years; SD: 14.3 years; t = −3.11; P = 0.003). Decision to receive gene test results did not differ by sex or by perceived risk of CRC. A total of 44 individuals were positive for an MMR gene mutation (41% of study participants; Table 1 ).
Predisclosure: motivation, preparation, and confidence Figure 2 shows the most common reasons for electing to learn test results, including the desire to learn if their children were at risk (79%) and to benefit research (72%). Participants reported that they felt moderately well prepared to make an informed decision about whether to learn their test result (M = 28.6; SD: 7.6; range: 8 (not at all prepared) to 50 (prepared a great deal)). Before disclosure, many participants felt confident in their ability to cope with their test results (M = 91 of 100, where 100 indicates the highest possible confidence in coping with test results) and in their ability to communicate results to family and health-care providers. Participants reported moderate-to-high perceived risk of CRC (M = 6.7; SD: 2.1; range: 0-10).
Postdisclosure: satisfaction with the disclosure process
Overall, satisfaction with the two-step telephone disclosure process was high. Specifically, participants reported feeling satisfied with the process of telephone counseling to receive their results (M = 29.5; SD: 4.4; range 8 (not at all satisfied) to 40 (extremely satisfied)) and with their discussion with a genetics professional before disclosure (M = 31.4; SD: 4.0; range:
Original research article 0-40). Overall satisfaction with the decision to learn their genetic test result was also high (M = 12.8; SD: 0.1; range: 5-16). Satisfaction outcomes did not differ by participants' gene test results or whether they had been personally affected by CRC. 0-10). Well-being did not significantly differ by gene test result (t = −0.61; P value is not significant) or CRC-affected status (t = -0.75; P value is not significant). Perceived risk about CRC and concerns about CRC also did not differ based on the gene test result or affected status.
Communication. By 6 months postdisclosure, most participants had shared their MMR genetic test result with their spouse/ partner (86%), children (74%), extended family members (80%), and close friends (64%). Predominant discussion topics included how the result affected their own cancer risk (67%), family members' cancer risk (80%), or their children's risk (76%). In bivariate analyses, baseline knowledge of hereditary CRC (r = 0.31; P = 0.005) and baseline confidence coping with the genetic test result (r = 0.26; P = 0.03) were positively related to communication of genetic test results to family members at 6 months. In a generalized estimating equations multiple linear regression model, baseline knowledge (Z = 1.91; P = 0.056) no longer remained statistically significant, whereas baseline confidence in coping with the result (Z = 1.97; P = 0.04) remained an independent predictor of result communication to family at 6 months ( Table 2) .
We also evaluated factors related to discussion of genetic test results with a health-care provider. In bivariate analyses, intentions to share results with family members (r = 0.27; P = 0.02), number of first-degree relatives affected with CRC (r = 0.22; P = 0.04), baseline-perceived risk of CRC (r = 0.21; P = 0.06), having a personal history of CRC (t = 2.39; P = 0.02), and receipt of a positive MMR genetic test result (t = 2.27; P = 0.03) were each associated with greater likelihood of discussion of test results with a health-care provider. In a generalized estimating equations multiple linear regression model, intentions to share results with family members (Z = 3.07; P = 0.002) and baseline-perceived risk of CRC (Z = 2.08; P = 0.03) remained independent predictors of communication of results to a health-care provider ( Table 2) .
Across both affected and unaffected participants, individuals who received a positive MMR result were significantly more likely to have discussed how their result would impact cancer screening (χ 2 = 5.13; P = 0.02) and to have made an appointment to discuss screening recommendations with their doctor (χ 2 = 4.74; P = 0.03) as compared with individuals who received negative MMR test results.
Among individuals unaffected with colon cancer, those who were MMR positive were significantly more likely to discuss their result with their health-care provider as compared with the unaffected individuals who were MMR negative (F = 4.3 (df = 3.75); P = 0.007).
Health behaviors. Before test result disclosure, 87% of the participants reported having undergone prior CRC screening. At 6 months, 97% of the participants reported ever receiving screening for CRC, and 44 individuals (54%) had received any type of cancer screening since learning their genetic test result. Screening behavior was not significantly impacted by test result: 64% of the individuals with a positive MMR result and 51% of Original research article the individuals with a negative MMR result reported any type of cancer screening since learning their test result (P value is not significant).
Impressions of genetics professionals. The genetic counselor and the medical geneticist who provided the telephone education and counseling reported feeling satisfied with the two-step process. On average, the first call took 25 min. The second call averaged 35 min to disclose positive results and 15 min to when true-negative results could be disclosed. The genetics professionals noted that the protocol allowed participants to make informed decisions about whether to learn about their MMR gene test results ( Table 3) .
DIsCUssION
Knowledge of genetic testing results for Lynch syndrome has important implications for medical management among those who do and do not carry a deleterious mutation.
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Despite compelling reasons to provide this information to research participants, limited resources and distance to genetics professionals support the importance of telephone-based approaches. 28 Tailored telephone approaches have been successful in increasing other health behaviors, including screening mammography and CRC screening; more recently, to return genetic test findings in clinical settings. 29, 30 The often slow translation of research findings into clinical practice underscores the need to make relevant and clinically actionable research results available to interested research participants, and if appropriate, their families and health-care providers.
Our test of a telephone counseling protocol with research registry participants evaluated the psychosocial, communication, and behavioral outcomes following MMR gene test disclosure. The two-step telephone delivery process used to educate and then disclose MMR gene test results was well received by participants. The participants who declined to receive their results following the first phone call were younger than those who opted to learn their results. Perhaps younger individuals have yet to complete their families, have more competing time a Because of a small amount of missing data for outcome variables, not all models have the same sample size indicated above. a P < 0.05; b P < 0.01.
Table 3
Experiences of genetics professionals in research result disclosure by telephone
Topic area Representative quote
Satisfaction with process "I am satisfied that the disclosure process we have outlined walks the line pretty well in terms of allowing people to get or reject getting their research results, and gives enough information to allow them to make a decision they are comfortable with."
Telephone delivery "I try to make a bit of small talk with the patients and get to know their families, situations, and specific needs.
It takes a bit of extra time in the phone conversation but allows me to feel more comfortable in sharing such sensitive information with them." "I find the counseling much more challenging than a face to face interaction and have had to adjust my typical counseling in order ensure that the patient is understanding the information-I ask A LOT more questions during the phone interview than I would in person, so that I can assess their understanding."
Constraints of disclosure within the research context when multiple family members are participating "… Family dynamics are complicated and not all families share this information openly. …If I am speaking to someone whose test result is negative and they do not know that a family member has been identified to have a genetic mutation, and I cannot disclose this information … I must counsel them somewhat ambiguously (challenging)." "I try to tell all the negative people up front that if there is a mutation in the family and their relative has chosen not to tell them about, then neither can I, and in that case a negative result to them will not be interpretable… but if relatives are communicating, then their result, positive or negative, will be interpretable."
Need for visual aids "I wonder if it would be helpful to send them some additional materials on Lynch syndrome before our telephone conversation, so that they may reference pictures of autosomal-dominant inheritance, a chart of cancer-related risks, may be a worksheet asking them to outline their personal risks versus benefits of receiving their genetic testing results. I rely a lot on visual aids during our counseling session and am missing this during the phone interaction."
Original research article 31 Individuals unaffected with CRC who had MMR positive results were more likely to share their results with their physicians than unaffected individuals who were not MMR mutation carriers. Increased engagement with a health-care provider by those at greatest risk is an important and desired outcome of our protocol. Since a negative MMR result can indicate a return to average risk recommendations for CRC screening, exploring why those who tested negative for an MMR mutation were less likely to share results with their health-care providers requires further study. Perhaps the 6-month follow-up timeline was too short to capture communication between unaffected individuals with a negative MMR result and their health-care providers. Given that both the MMR-positive and MMR-negative groups reported cancer screening (including colonoscopy) after the disclosure of results, further investigation is needed to understand if the additional screening followed risk-relevant guidelines and the role of the participant, family, and health-care provider in decisions about screening. Individuals at moderateto high-risk based on family history or among people with evidence of a hereditary cancer syndrome differ in their adherence to cancer screening guidelines over time. 32, 33 These behaviors may also be influenced by the context of disclosure, whether in clinical practice or through participation in a research study.
Of note, MMR gene test results did not change the perceived risk of CRC. Perhaps individuals from families with a significant family history of cancer still perceived themselves at higher risk, even if they received negative MMR results. Future work can explore whether genetic test result disclosure in the context of a research study yields different perceptions of disease risk as compared with genetic test result disclosure in a clinical context.
Our findings have important implications for the process of disclosure of clinically meaningful genetic test results through research. Our findings also have implications for the future delivery of clinical information as genomic-based information is integrated into clinical care. 34 First, a thorough explanation using both written materials and telephone discussion of the risks and benefits of learning about one's genetic test result led to high levels of satisfaction. The written information and telephone education also led to reports of informed decisions by both participants and clinicians. Second, the challenges inherent to the disclosure and interpretation of negative test results with respect to confidentiality constraints required careful and nuanced explanations by the genetics professionals. Continual emphasis on the importance of family communication, along with the attempts to schedule the disclosures so that family members with positive results were informed before family members with negative results, helped ease these challenges.
As the field of genomics evolves with next-generation wholeexome or whole-genome sequencing, many ethical, legal, and social issues remain regarding the return of genetic test results to research participants. The protocol used in the present study attempted to address two of these challenges. First, questions remain regarding what genetic information to include in health records. Participants in the present study were provided with a "Dear Doctor" letter that detailed their MMR gene test results that they could opt to share with their physicians. Second, recent recommendations indicate that only validated genomic data 35 obtained from credentialed clinical laboratories should be included in health records. 36 Accordingly, individuals with positive MMR results in the present study were strongly advised to have their test results confirmed in a CLIA-certified laboratory. 37 We did not collect data on whether participants confirmed their research results; future research can address the extent to which participants confirm their research results through a CLIA-certified laboratory.
The study had some limitations. Although participants were heterogeneous in terms of age and education level, our sample lacked racial and ethnic diversity, therefore limiting the generalizability of our results. A sizeable subset of the Colon CFR participants invited to enroll in the present study had already received their MMR results in a clinical setting; these people may differ from those in the registry who had not yet sought out genetic counseling and testing for genetic mutations associated with Lynch syndrome. We were unable to compare participants and study decliners by their psychosocial functioning or perceived risk, and our measure of wellbeing was not specific to genetic testing-related distress. We also did not assess whether individuals with negative results confirmed they were true negatives by communicating with family members, nor how confirmation of having a truenegative result impacted health behaviors. Finally, we did not obtain medical records to confirm self-reported CRC screening procedures among participants, although studies indicate that self-reported cancer screening, including colonoscopies, are reasonably accurate. 38 Building upon the present findings, future work can include a controlled experiment of disclosure processes, such as comparisons between telephone, the internet, or other modes. Next steps could also include the development and testing of print or interactive decision tools to facilitate telephone counseling before and after test disclosure using the extant literature as a guide. 28, 30 Our finding that predisclosure confidence in coping with genetic test results was related to result disclosure to family members points to specific intervention targets. Findings from this study suggest that telephone counseling to return MMR test results is feasible within a research context, that many participants choose to disclose MMR results to family members, and that those at greatest risk report sharing results with a health-care professional. Disclosure of clinically meaningful gene test results is an important part of the process to reduce the cancer burden faced by families with Lynch syndrome. 16 
